We have established an efficient method for preparing methyl bis(2,2,2-trifluoroethoxy)bromophosphonoacetate, which we developed for the stereoselective synthesis of (E)-α-bromoacrylates. This improved method enables the reagent to be prepared reproducibly in one step from methyl bis(2,2,2-trifluoroethoxy)-phosphonoacetate.
The highly stereoselective construction of trisubstituted olefins remains a challenge in organic synthesis. 1, 2) In connection with this problem, we have developed a novel Horner-Wadsworth-Emmons (HWE) reagent, methyl bis(2,2,2-trifluoroethoxy) bromophosphonoacetate (3), [2] [3] [4] which is useful for the stereoselective synthesis of (E)-α-bromoacrylates 4 (Chart 1). Furthermore, we demonstrated the application of 3 in the total synthesis of plaunotol via Suzuki cross-coupling. 2, 4) Despite the utility of HWE reagent 3, its similarity in polarity to compound 2 requires that careful silica gel column chromatography be performed. In this regard, Qing and Zhang reported a one-pot synthesis of (E)-α-bromoacrylates using 3 generated in situ. 5) Even in this method, however, the production of dibromide was unavoidable.
6) Accordingly, it would be convenient to use HWE reagent 3 as a pure compound in a reaction sequence. Here, we describe an efficient improved procedure for preparing 3 in one step from methyl bis(2,2,2-trifluoroethoxy) phosphonoacetate (1).
Our previous preparation method for 3 consists of dibromination of 1 with excess bromine and subsequent reduction of the resultant dibromide 2 with 1 eq of SnCl 2 , [2] [3] [4] which means the atom economy of this procedure is low (Chart 1). Thus, we planned to make 3 in one step from 1 with 1 eq of bromine. [7] [8] [9] [10] [11] Use of 1 eq of bromine in the presence of 1 eq of t-BuOK gave a mixture of the desired reagent 3, dibromide 2, and unreacted 1 in a ratio of 36 : 30 : 34 with an isolated yield of 3 of only 33% (Table 1 , entry 1). Fortunately, the use of 0.96 eq of bromine markedly improved the ratio of 3 : 2 : 1, and 3 was isolated in 76% yield (entry 2). This is probably due to the interconversion of dibromide 2, the anion of 1, and the anion of 3; however, the exact reason is currently unclear. A further reduction of bromine to 0.93 eq lowered the isolated yield of 3 to 65% (entry 3). In an inverse addition experiment where phosphonate deprotonated by t-BuOK was added via cannula to a solution of bromine in tetrahydrofuran (THF), the yield of the desired product was lower (65%; entry 4). Among the bases that were examined (entries 2, 5, 6), t-BuOK gave the best result (entry 2).
In our first-generation synthesis of HWE reagent 3, it was necessary to isolate desired monobromophosphonate 3 by flash column chromatography (dichloromethane-acetone= 50 : 1) using silica gel pretreated with dichloromethane and 4 n HCl in ethyl acetate. However, complete removal of 2 was difficult because 3 and 2 have similar polarities 12) as Qing and Zhang described in their paper. 5) In addition, to prevent the decomposition of 3 during thin layer chromatography (TLC), each plate (prior to usage) should be developed twice in a 1 : 1 hexanesethyl acetate solvent system acidified with a few drops of 4 n HCl in ethyl acetate.
Therefore, we initially investigated direct distillation of the crude product under reduced pressure (bp 105-108°C, 5 mmHg) without purification by column chromatography. This method failed to isolate pure 3.
Hence, we next screened solvent systems for column chromatography. To our delight, a combination of toluene and ethyl acetate improved the separation of 1, 2, and 3 when using silica gel that was pretreated with toluene and 4 n HCl in ethyl acetate 13) (Fig. 1) . With this solvent system, it was not necessary to pretreat TLC plates as mentioned above. After column chromatography, distillation of the residue under reduced pressure (bp 85-87°C, 0.4 mmHg) gave pure 3 in 71% yield.
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Experimental
General IR spectra were recorded on a JASCO FT/IR VALOR-III spectrometer. 1 H-and 13 C-NMR spectra were recorded on a JEOL JNM-AL300 spectrometer. Mass spectra were obtained on a JEOL JMS-700 instrument with a direct inlet system. Analytical TLC was performed on 0.25 mm precoated Merck silica gel 60 F 254 plates. Flash column chromatography was performed on Merck silica gel 60 (230-400 mesh).
Preparation of 3 To a stirred solution of phosphonate 1 (5.00 g, 15.7 mmol) in THF (125 mL), t-BuOK (1.0 m solution in THF, 15.7 mL, 15.7 mmol) 16) was added at −78°C. After the mixture was stirred at the same temperature for 20 min, bromine (0.77 mL, 15.1 mmol) was added in one portion. After complete addition of bromine, the reaction was 'immediately' quenched by addition of saturated aqueous NH 4 Cl (100 mL) and extracted with CHCl 3 (200 mL×3) (delay of quenching the reaction decreases the yield of 2). The combined extracts were washed with H 2 O (200 mL), dried over MgSO 4 , and concentrated in vacuo. The crude product was purified by column chromatography. The column was packed with silica gel (305 g) using a mixture of toluene (1000 mL) and 4 n HCl in ethyl acetate (70 mL). After solvent (toluene-ethyl acetate= 9 : 1, 3000 mL) was passed through the column, the crude product was applied and eluted. Combined fractions that contained only 3 were washed with H 2 O (500 mL×3), dried over MgSO 4 , and concentrated in vacuo. The residue (4.42 g) was distilled under reduced pressure (bp 85-87°C, 0.4 mmHg) to afford 3 (4.21 g, 71%) as a colorless oil.
All spectroscopic data of this compound were in full agreement with previous reports. 3, 4) a) The ratio was determined by 1 H-NMR analysis of the crude product. b) Isolation of 3 after column chromatography without distillation. c) Inverse addition experiment.
Fig. 1. Pretreatment of Silica Gel with Toluene and 4 n HCl in Ethyl Acetate

